The effect of cell seeding density on the cellular and mechanical properties of a mechanostimulated tissue-engineered tendon.
The initial seeding density is a critical variable in functional tissue engineering. A sufficient number of cells uniformly distributed throughout the scaffold is a key requirement to achieve homogeneous extracellular matrix deposition in vitro. However, high initial seeding densities might have negative repercussions on nutrient availability, cellular metabolism, and cell viability. In the current study, our aim was to understand the implications of using high seeding densities (3, 5, and 10 million cells/mL) in a human umbilical vein (HUV) tendon model subjected to 1 h of cyclic stretching per day at 2% strain and a frequency of 0.0167 Hz in a mechanostimulating bioreactor, on nutrient availability, cell viability and metabolism, and construct properties. Mechanostimulated constructs seeded with 3 million cells/mL had significantly higher cell number than the static controls and resulted in a 20-fold increase in proliferation rates and a 3-fold increase in tensile strength values after 1 week of culture in the bioreactor. However, higher seeding densities resulted in cell death, degraded extracellular matrix, and poorer mechanical properties. Nutrient and growth factor mass transport limitations are implicated in the inability of the decellularized HUV to support high cell numbers. The effective diffusion coefficient for glucose was measured to be 0.21±0.04 cm(2)/day. In the absence of convective flow, proteins and growth factors with a molecular radius larger than 4.9 nm could not diffuse through the HUV. Cells seeded in the HUV consumed 10.5±0.5 ng/cell/day of glucose. Glucose diffusion coefficient and glucose consumption rates in the HUV indicated the presence of glucose mass transport limitations when cell seeding densities exceed 3 million cells/mL.